This study aims to evaluate the roles of community forests managed for different purposes on water storages in plants and soils as the basic information for watershed management. Community forests of Karen people in Chiang Mai province, northern Thailand, were divided to conservation (CF) and utilization (UF) forests. These community forests were classified as pinemontane and montane forests. The number of tree species in the CF and the UF was 256 and 132, respectively. Shannon-Wiener Index in the CF (4.5±0.6) was higher than in the UF (3.4±1.0). Forest biomass was higher in the CF (252.4±72. , respectively. More than 90 % of water was stored in soil. The maximum capacities of water storage within 2 m soil depths of the CF and the UF were 9584 ±934 and 9463 ±233 m 3 ha -1 , respectively. The water storage amounts in soils in rainy season were 73.8 % and 79.2 % of maximum capacities in the CF and the UF, respectively. In winter, the storages changed to 80.5 % and 74.6 %, and in dry season they decreased to be 39.5 % and 23.7 %. Timber harvest in the UF was the main cause of forest degradation and decrease in biomass water storage. The water storage by these community forests can reduce flash flooding and water supply from them is greatly beneficial to the villagers＇ livelihood and also to the lower land communities.
INTRODUCTION
It is believed that one possible cause of the flooding in Thailand is the deforestation in the watershed areas in the northern and northeastern regions of the country. The hydrological cycle is considered as an important phenomenon of forest ecosystem (Landberg and Gower 1997; Waring and Running 1998; Kimmins 2004; Chang 2006) . Input of water into the ecosystem through precipitation, especially rainfall, provides more water than the vegetation can use or soils can store. The excess water contributes to stream flow, which provides for irrigation and urban needs, far from the source of precipitation. Before the rains reach the soil, water is intercepted and evaporated from the surface of the vegetation and from the litter layer. The rate at which the water infiltrates into the soil, the surface runs off, or the water percolates through to the water table is affected by the density and depth of the roots and the organic residue incorporated into the soil. The different patterns of the hydrological cycle in the various forest types have an influence on the diversity of plants, wildlife and microbes, as well as on the physical environment and nutrient cycles. In Thailand, montane forest covers the highland above the 1,000 m altitude, particularly in the northern region, and acts as the watershed forest. Nakagawa et al. (1998) reported that annual throughfall in the forest was higher than annual rainfall due to condensation of fog in the canopy. Withawatchutikul et al. (2011) reported that the montane forest received an annual rainfall of 2,142 mm and had a high stream flow of 1,383 mm (64.56 %). The montane forest is typically moist and cool. However, the plant diversity and the hydrological cycles in these forests vary with altitude and topographical habitat (Sri-ngernyuang et al. 2003; Khamyong et al. 2004; Withawatchutikul et al. 2011) . The soil in this forest was deep, classified in Order Ultisols, and contained the high content of organic matter as well as the low bulk density in surface soil with some organic layers on the forest floor (Pornleesangsuwan et al. 2011) . These may induce the water infiltration into deeper soil and minimized surface runoff. The stream water was thus clean with minimum nutrient losses from the watershed forest (Nakagawa et al. 1998 ). The variable hydrological cycle TROPICS Vol. 23 (3) was related to nutrient cycles and accumulations in the soils and tree species along the slope gradient (Pampasit et al. 2001) . The higher moisture condition and deeper soil in the lower slope site promoted tree growths and increased the nutrient storages in soils and tree species as compared to the upper slope and ridge areas. Very little data are available concerning the potential of water storage in forest biomass and in various soil types in the different forests. Brady and Weil (2010) explained that the maximum soil water storage capacities within the average soil depth in a watershed are useful in predicting how much rain water can be stored in the soil temporarily, which will be in turn be possible in avoiding downstream floods. At present, flooding and drought are critical problems in Thailand. The research on water storage in natural forests will provide the forest management with the basic information required to reduce these problems. The objective of this research was to assess the potential capacity of water storage in the plants and soils of the two community forests, particularly in the conservation (CF) and the utilization (UF) forests of Karen tribe at Nong Tao village, Mae Wang district, Chiang Mai province in northern Thailand. The research was primarily focused on the maximum water storage, and water storages in three seasons: the rainy season (August 2012), winter (December 2012) and summer or dry season (April 2013).
MATERIALS AND METHODS

Site Description
The research site was the community forest practiced by Karen tribe at Nong Tao village, Mae Wang district, Chiang Mai province, northern Thailand. It was about 15 km north of Mt. Doi Inthanon, the highest mountain in Thailand, and about 70 km to the south-west of Chiang Mai city (Fig. 1) . It is the watershed forest supplying water for agriculture (Fig. 2) . In the past, the hill tribes from various locations migrated to this area, and cleared the forest for shifting cultivation particularly for upland rice and opium growing. The Lua people cleared the montane forest to grow mainly opium on the higher altitude whereas Karen people were located in the lower area. The conflict between Lua and Karen people was occurred because the Lua destroyed the watershed forest, and the Lua had to migrate to other areas. In the year 1972, this village was established officially by gathering temporary villages to be a settled village comprising of more houses. In the same year, the Royal Forest Department established a Watershed Station to restore the Lua cultivated areas by planting Pinus kesiya. However, the Karen villagers did not agree with the pine plantation since they believed that the site was dry and inducing forest fire in the plantation area. In 1973, the leader of villagers organized the people to manage the plantation, remaining forest and some opening areas after shifting cultivation to be the community forest. The watershed was divided into conservation forest (CF), utilization forest (UF) and the land for crop rotation agriculture. According to the village regulations, the CF is designed as a watershed forest, and cutting of trees and wildlife hunting are prohibited. In the UF, the villagers can cut some big trees for making their houses, and smaller trees for fuel wood and making the fences. The collection of non-wood forest products is allowed only in the UF. The people outside the village are not allowed to utilize the community forest.
The parent rock in this area is granite. At the summit of Mt. Inthanon, the average annual rainfall (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) was 2228 mm. The mean annual air temperature was 13℃, with absolute minimum of 1℃ and absolute maximum of 23℃ (Khamyong et al. 2004) . During 1999-2012, the mean annual rainfall was 2262 mm, while the mean annual air temperatures increased to 14.4℃, with absolute minimum temperature of -2.5℃ and absolute maximum temperature of 23.5℃ (Northern Meteorological Center 2013).
Sampling Methods
The field vegetation surveys in the CF and the UF were carried out using the method of plant community analysis. A total of 100 plots, each of size 40×40 m 2 , were used (50 plots for each forest). The plots were arranged using a stratified random sampling by placing the plots on different slope positions and directions over the forest. The data collection included the measurement of stem girth at breast height (gbh, 1.3 m above ground), and tree height and crown width of all trees larger than 1.5 m in height. The ecological parameters included plant frequency, density, dominance and importance value index (Krebs 1985) .
Biomass estimation
The biomass amounts of standing trees for all species were calculated using the allometric equations of the dry evergreen-mixed deciduous forest (Tsutsumi et al. 1983) . The biomass was estimated as the sum of individual tree weight per area. Since the parameter values in allometric equations are normally different among tree species, especially between pine and broad-leaved species, somewhat error might be occurred by using these equations. However, the broad-leaved tree species of many genera in the forest were also existed in the ecotone forest. These equations were derived from about fifty tree species, and thus, it would be reasonable to use the equations. 
Species Diversity Index
The species diversity index in each plot of the CF and the UF was calculated using an equation known as the Shannon-Wiener Index (H) (Krebs 1985 (April 20, 2013) . For each species, the samples were collected from five tree individuals of different stem sizes, small to large (＜50 cm, 50-100 cm and ＞100 cm gbh for big tree species; ＜30 cm, 30-50 cm and ＞50 cm gbh for small tree species). Samples were oven-dried at 75℃ until they attained the constant weight, and later, their moisture contents by dry weight were determined. The biomass water storage of each dominant tree was then calculated. The mean water contents were used for calculating the water storage of the remainder of the species in the two forests.
Water storage in soils
The soil in the community forest was deeper than 2 meters, and classified in Order Ultisols, having the high clay accumulation in subsoil and base saturation less than 35 % (Brady and Weil 2010) . Three soil pits, 1.5×2×2 m in size, were made in three selected plots from the 50 plots used for vegetation survey in the CF and the UF, and, totally, six soil pits were obtained. From each soil pit, soil samples were collected using a 100 cm 3 corer from 13
layers at the depths of 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60-80, 80-100, 100-120, 120-140, 140-160, 160-180 and 180-200 cm with three replications on August 17, 2012 (rainy season), December 29, 2012 (winter) and April 20, 2013 (dry season). The samples were examined for soil mass, maximum water holding capacity and moisture contents by volume in a laboratory. The maximum water holding capacity was determined from the field capacity (FC) (Brady and Weil 2010) . The water was added into the soil sample within 100 cm 3 corer until it was completely saturated with water, and allowed it drain out of the macropores until the last drop. The soil was then said to be at field capacity. The moisture contents of saturated soils (FC) and soils on the three sampling days were determined from the soil samples within the 100 cm 3 corer. They were oven-dried at 105℃ for 2-3 days until to maintain the constant weights, and the moisture contents by volume were later measured. The moisture contents were calculated using the equation, MC＝Vw/Vt, where Vw was the water volume (1 gram＝1 cubic centimeter), and Vt was the total soil volume (100 cm 3 ).
RESULTS
Plant Communities in the CF and the UF
Species richness of trees and the woody climber species were different in the two community forests. It was higher in the CF at 256 species (166 genera and 78 families), including 12 unidentified species, whereas the UF composed of 132 species (93 genera and 51 families). As shown in Fig. 3 , the species richness varied among 100 plots along an altitudinal gradient in the range of 1,000-1,800 m m.s.l. However, the mean values of the species richness as well as genus richness, family richness, species diversity index (H), stem basal area and crown cover in the CF were higher than the UF. Tree densities with different stem-sized classes also varied along the altitudinal gradients (Fig. 4) . The mean tree density in the CF was measured at 1963 trees ha -1 while that in the UF was higher, 2425 trees ha -1 . The density of trees having＜30 cm gbh was also higher in the UF, but 30-50 and 50-100 cm gbh individuals had the same density. In contrast, the densities of 100-200 cm and over 200 cm gbh individuals were adversely higher in the CF. Many small trees were sprouted from the stumps after timber harvesting in the UF, and caused its higher density. The prohibition of timber harvest in the CF resulted in the higher density of trees larger than 100 cm gbh.
In the CF, the family of Fagaceae had the highest species richness (21 species), and the dominant trees were mainly P. kesiya, S. wallichii and the oak species. P. kesiya had 58.0 % frequency, which indicated pine-montane forest presence, and the remaining forest showed montane forest presence. This pine had the highest dominance (15.8 % of all species) in the forest. The averaged species diversity index (H) with standard deviation of the CF was 4.50± 0.60. In the UF, the family of Fagaceae had the highest species richness (16 species). Most plots were pine-montane forest, as indicated by the 98 % frequency of P. kesiya. The dominant tree species in the UF were P. kesiya and Q. brandisiana. The species diversity index (H) of the UF (3.4±1.0) was lower than the CF.
Plant Biomass and Water Storage
In , respectively. In the CF, P. kesiya had the highest biomass among the 256 species. The biomass of ten dominant tree species contributed to 60.2 % of all species. The stem constituted a large portion of the biomass, at 64.7 %. The biomass of the branch, root and leaf were 20.5, 13.2 and 1.6 %, respectively. For the UF also, P. kesiya had the highest biomass among the 132 species. However, the ten dominant tree species in this forest gave a very high contribution together, 90.6 %, of all the species. The remaining 122 species contained a biomass of 13.2 Mg ha -1 , or only 9.4 %. In stem, the water contents in dry weight in these species on August 17 and December 29, 2012 and April 20, 2013 varied between 41.7 and 113.4 %, 55.7 and 100.0 %, and 49.3 and 110.0 %, respectively. The contents were relatively high in stems of W. tinctoria and S. wallichii, but low in those of Q. brandisiana and T. burmanica. Some variations with season were observed, however, the mean values (± SD) of thirteen species on these days had slight differences i.e. 77.4±18.0 %, 84.6±15.2 % and 76.5±16.5 %, respectively. In branch, the water contents of these species varied between 66.4 and 117.7 %, 66.3 and 115.1 %, and 77.0 and 184.1 %, respectively. The high contents were found for S. wallichii and A. villlosa, while the branches of L. thomsonii, P. emblica and Q. brandisiana contained the low values. In leaf, the water contents in these species on three sampling days varied between 45.0 and 165.4 %, 72.7 and 171.5 %, and 74.8 and 243.3 %, respectively. The leaves of A. villlosa composed of the highest water content among all species, and the low contents were occurred in those of L. thomsonii and C. accuminatissima. The branches and leaves of most species contained the highest water contents in April. The mean values (±SD) in branches on these days were 90.5±15.6 %, 92.0±14.5 % and 125.0±33.1 %, respectively, whereas those in leaves were in the following order: 100.3±34.6 %, 97.4±30.7 % and 138.6±40.4 %. The water contents in root of these trees on three sampling days varied between 21.0 and 93.1 %, 63.9 and 148.6 %, and 56.4 and 116.0 %, respectively. They were high for The mean values (±SD) on these days were calculated to be 56.2±18.8 %, 96.1±24.5 % and 87.8±17.0 %, respectively. The mean water content in roots of these species in August was relatively low. Table 2 shows amounts of water storage in plant biomass in the two community forests on sampling days in three seasons. The water storages were different among tree species and seasons. The P. kesiya, could store the highest water amounts in both of the CF and the UF. In the CF, the lower amounts of water storage were found in S. wallichii, C. diversifolia, C. accuminatissima, L. thomsonii, respectively, whereas those in the UF were in the following order: . Most water was stored in the stem component, followed by branch, root and leaf. In the CF, the percentages of water storage in biomass of stem, branch, leaf and root varied between 53.5 and 65.3 %, 22.0 and 30.8 %, 1.7 and 2.2 %, and 9.8 and 14.6 %, respectively, while those values in the UF were in the following order: 51.9 and 63.6 %, 19.5 and 29.9 %, 2.2 and 3.0 % and 11.7 and 15.2 %, The average amounts (±SD) of water stored in Table 1 . Biomass of tree species in community forests based on allometry of Tsutsumi et al. (1983) Plant biomass (kg ha respectively. This implied that the storage in the CF was about two times of the UF. Fig.6 shows variations of water storage in plant biomass of 100 sampling plots on sampling days in three seasons with the altitude gradient between 1000 and 1800 m m.s.l. In all of the 50 plots, the CF had the maximum amounts of water storage on three sampling days of 469. 
Soil properties and water storage
In Table 3 , some soil properties included: bulk density, organic matter, gravel content and texture in three soil pits (pedons) of the CF and the UF are given. In the CF, the bulk densities had the clear change at the depth of about 60 cm. They were low in the range from 0.63 to 0.92 Mg m -3 at 0 to 60 cm depth while those in the deeper horizons were higher, and varied between 1.07 and 1.40 Mg m -3
. The soil bulk densities in the UF were higher than in the CF. The values at 0 to 60 cm depth were in the range from 1.03 to 1.35 Mg m -3 , and 1.37 to 1.45 Mg m -3 in the deeper horizons. The soil organic matter was high in the CF, and resulted in the low bulk density in the upper horizons. The soil organic matter in the UF was relatively lower than in the CF, and thus, the bulk densities in the upper horizons were higher than in the CF. The gravel contents in the upper 100 cm horizons of the CF were lower than those of the UF, but they were nearly the same in the deeper horizons. The soil texture in the surface soils of the CF varied from loamy sand to sandy clay loam, whereas the subsoils had mainly sandy clay, clay loam and clay. In the UF, the surface soils had textures of sandy loam, and sandy clay loam to clay, while those in the subsoils were mainly clay loam, loam and clay. Some variations were also observed within the three soil pits. On average, the UF soils were found to be more finetextured than the CF soils, a phenomenon caused by the higher clay contents in the profiles. The more canopy gaps in the UF caused the more soil erosion than in the CF. Table 4 ( Fig. 7) shows amounts of maximum capacities of water storage (MCWS) and water storages (WS) in soils on sampling days in three seasons in the CF and the UF. The maximum capacities of water storage along soil profiles in the CF and the UF varied nearly with the same trend. The values in Fig. 7 indicated the water amounts for every 10 cm depth along soil depths. In rainy season (August 17, 2012), water storages in 0 to 140 cm depth were different between soils in the CF and the UF. The water storage at 0 to 20 cm depth in the CF was slightly higher than the UF, but it was lower at 30 to 140 cm depth. The water storages in the CF and the UF were accounted to 73.8 % and 79.2 % of the maximum capacities. In winter (December 29, 2012), the water storage was still high throughout the soil profile in the CF (80.5 % of the maximum capacity). As compare to the UF, the water storage declined dramatically at the surface soil to the depth of 100 cm, and nearly the same to that in the CF at deeper horizon. In dry season (April 20, 2013), the clear difference of soil water storage was observed between the CF and the UF. The water storage along soil depth in the CF was decreased to 39.5 % of the maximum capacity, and it was lower in soil under the UF, 23.7 %.
Total water storages in plant biomass and soil
As shown in Table 5 ( Fig. 8) , respectively. It is assumed that the soil water storage at about 40 % of the maximum capacity in the CF in dry season (April 20, 2013) was still enough to maintain the physiological processes of tree species in the forest. In contrast to the UF, the water storage in April decreased to about 24 % of the maximum that limited the water storage in plant biomass, and thus its water storage decreased in this month. From the point of view of area, the CF (640 ha) could store the total water in plant biomass and soil (2 m soil depth) in rainy season (August 17, 2012) , winter (December The total water storage in these two community forests (880 ha) on sampling days in three seasons was 6.48, 6.81 and 3.14 million m 3 , respectively.
DISCUSSION
Role of Plant Communities on Water Storage
The plant communities were different between the CF and the UF in terms of species richness, composition and relative abundance of all species. The species richness in the CF (256 species) was about two times of the UF (132 species) ( Table 1 ). Many species grown in the CF were not existed in the UF. The dominant species in the CF were quite different from in the UF. Only two dominant species, P. kesiya and C. accuminatisssima, existed in both forests, and had nearly the same biomass amounts between the two forest types. S. wallichii was also found in both forests, however, its biomass was large as the second order in the CF but low as the tenth order in the UF. Q. brandisiana had the large biomass as the second order in the UF, but it did not exist in the CF. Other trees such as T. burmanica, G. usitata, A. frangrans, A. villosa, W. tinctoria, etc. , occurred in the UF as the dominant species, whereas L. thomsonii, C. indica, C. grandiflora, S. cumini, Castanopsis sp., etc. were the dominant species in the CF. The difference in dominant tree species between these two forest types resulted in different plant biomass. The ten dominant species in the CF contributed to 60.2 % of the total biomass of all species whereas those in the UF had 90.6 %. In the CF, the biomass of remaining 246 species was 39.8 % of the total, while that of the remaining 122 species in the UF was only 9.4 %. In Fig. 5 , these dominant species contained different water contents in stem, branch, leaf and root organs. The contents were relatively high in the stems of W. tinctoria and S. wallichii, but low in those of Q. brandisiana and T. burmanica. In branch, the high contents were found for S. wallichii and A. villlosa, while those of L. thomsonii, P. emblica and Q. brandisiana contained the low values. The leaves of A. villlosa composed of the highest water contents, and they were low for L. thomsonii and C. accuminatissima.
The branches and leaves of most species contained the high water contents in April. For each year, leaf shedding and flushing of new leaves of evergreen species in montane forest of Thailand usually occurred in January, and developed to be mature leaves in later months. It is assumed that the high water contents in branches and leaves of these species in April might be caused by new mature leaves. The water contents in root were high for S. wallichii and A. villosa, but low for L. thomsonii, T. burmanica and V. sprengelii. Management of the community forests as the conservation and utilization forests resulted in different forest conditions, and further affected on the total amounts of plant biomass and water storage between the CF and the UF. The amount of plant biomass in the CF (252.4 Mg ha -1 ) was about two folds of the UF (139.7 Mg ha -1 ). The water storages in plant biomass in the CF in three seasons were thus larger than in the UF. About 20 % of the area in the CF had better forest condition than the UF. The CF was designed as the head watershed. Tree cutting was not permitted, according to the village regulations, and many big trees having gbh ＞200 cm were remained. Selected tree cutting for household utilization was allowed in the UF. The forest utilization resulted in the degradation of the UF. However, most of the CF had been disturbed in the past at different levels. Timber harvest has been done in the UF from the past till the present; the harvesting levels might be different, depending upon the distance from the village. Some secondary forests of both the CF and the UF might have recovered from rotation of agricultural land, about 25 years ago, and resulted in poor forest conditions. Differences in plant species composition as well as their population abundance between the CF and the UF were the important factor affecting ecosystem-scale plant water storage via the inter-species differences in biomass and water contents.
Role of Soils in Water Storage
In soil, the capacity to store water depends on its bulk density, texture and organic matter contents and depth. The bulk density in soil profiles in the CF was relatively lower than in the UF (Table 3) caused by high organic matter. The reductions in water infiltration rates are common when soils become compacted (Fisher and Binkley 2000) . This parameter implied that water infiltration might be more rapid in the CF soil, and the higher organic matter in its profiles might increase the water retention. Toriyama et al. (2011) found that soil carbon stock as a major component of organic matter was highly positively correlated with soil water content. The contents of gravel within the upper 100 cm horizons in the CF were somewhat lower than in the UF. The higher contents of gravel might accelerate water infiltration into the deeper soil in the UF than in the CF. However, the surface soils in three pedons in the CF varied from coarse to medium-fine texture, and fine texture in deeper horizons, whereas the soil texture throughout soil profiles in the UF was medium-fine to fine texture. The coarse-textured soil allows the rapid infiltration and low retention of water, whereas the water infiltration is slow in medium-textured soil, and very slow in fine-textured soil (Brady and Weil 2011) . This indicated that the UF soil might have more water retention than the CF. The soil depth was not the factor affecting difference of water storage between the CF and the UF since they were both the deep soil. In this study, the maximum capacity of water storage along soil profiles in the CF (9584 m 3 ha -1 ) was nearly the same as the UF (9463 m 3 ha -1
). In overall, some differences of soil properties particularly bulk density, texture and organic matter were not affected on the maximum capacities of water storage between the CF and the UF. As shown in Fig. 7 , the soil water storage at 0 to 20 cm depth in the CF in rainy season (August 17, 2012) was higher than in the UF, but it was adversely lower at the depth of 20 to 140 cm depth, and the same at the deeper layers. It is assumed that some amount of rainfall was intercepted by forest canopy and forest floor in the CF, and the excess water moved into the upper soil horizons. In contrast to the UF, more amount of rainfall could directly reach the surface soil and move down into the upper horizons because of more canopy gaps (lower crown cover as shown in Fig. 3 ) and disappearance of forest floor.
In winter (December 29, 2012) , the rainfall terminated in November as there was no record of rainfall in this month.
The water storage at 0 to 80 cm depth in the UF were lower than in the CF, but nearly the same at the deeper layers. This implied that the high water loss through evapotranspiration in the UF soil while that in the CF was not decreased. In the dry season (April 20, 2013) , the clear difference of soil water storage was observed between the CF and the UF. The water loss from soil under the UF might be greater than that in the CF. With the same reason, the UF had lesser crown cover (more canopy gaps) and there was no or thin layer of the forest floor as compared to the CF. Thus, a large amount of water was lost through evapotranspiration. Murata et al. (2009) pointed that a thick soil layer with averaged depth (±SD) of 135±58 cm was necessary for the dry evergreen forest to maintain its evapotranspiration during the dry season. In this study, even though the CF and the UF had the same soil depth, but the water storage in dry season was different since the UF was degraded forest compared to the CF. Sperry et al. (2002) pointed that soil drought caused water deficit and hydraulic limits to leaf water supply. In this study, the decreased soil water storage in the UF might reduce water storage in plant biomass in the dry season. The CF and the UF had different species richness, composition and population abundance as well as forest condition. These affected on the different plant biomass and water storages between the two forests. The amount of water storage in plant biomass of the CF was thus about two times of the UF, and there were some small variations among seasons. The amounts of maximum water storage and water storage in rainy season within 2 m soils of these forests were nearly the same, but soil water storage in the UF was decreased in more rapid rate after rainy season as compared to the CF. In winter, the soil water storage at the depth of 0 to 80 cm in the UF was become lower than in the CF, and the water storage was entirely different throughout 2 m soil depth of the two forests in dry season.
